In order to determine the usefulness of Computerized Tomography (CT) scanning in making a diagnosis of dementia of the Alzheimer type, a group of patients diagnosed by NINCDS -ADRDA criteria (n = 22) were compared to a group of normal subjects (n = 49) using certain defined linear CT scan measurements. These measurements included specific measurements of the temporal lobes (temporal horns). Subjects were classified correctly 91.5% of the time with a high degree of probability. A diagnostic equation is presented which will allow testing of these methods in a prospective fashion. RESUME: Utilite du CT scan dans le diagnostic de la demence de type Alzheimer. Afin de determiner l'utilite du CT scan dans le diagnostic de la demence de type Alzheimer, nous avons compare un groupe de patients atteints de demence de type Alzheimer, telle que definie par les criteres du NINCDS-ADRDA, a un groupe de sujets normaux, au moyen de certaines mesures lineaires tomodensitometriques bien definies. Ces mesures comprenaient des mesures specifiques des lobes temporaux (cornes temporales). Les sujets etaient classifies correctement 91.5% du temps, avec un haut degre de probability. Nous presentons une equation diagnostique qui permettra d'evaluer ces mefhodes de facon prospective.
To date the usefulness of Computerized Tomography (CT) scanning in the diagnosis of dementia has been limited. For the most part, CT scanning helps to diagnose the small number of patients with dementias characterized by specific structural lesions in the brain. 1 However, these disorders account for only 10-20% of the total cases of dementia. 2 With the exception of some vascular lesions, CT is probably as useful as magnetic resonance imaging (MRI) in the workup of dementia.
2 -3 Dementia of the Alzheimer type (DAT) accounts for greater than fifty percent of cases. 4 " 6 Not only is DAT the most prevalent of the disorders classified as the dementias, 5 but it is also one of the most difficult to diagnose clinically.
The focus of most work on CT images has been on generalized cerebral atrophy. For some time the presence of such atrophy has been equated with the diagnosis of DAT, 7 largely as a result of early supportive evidence from pathological studies. 6 There are several problems in the use of generalized atrophy as a marker for DAT. Generalized atrophy is not unique to DAT, and can occur as a result of normal aging 714 and results from different studies have been variable and inconsistent. 10 
"
131523 CT-scan studies in DAT, other dementias, and normal aging suggest that there is enough overlap to prevent an accurate diagnosis of DAT by CT measurements of generalized cerebral atrophy. '-2427 An alternative approach to evaluating CT changes in dementia is to examine changes in tissue density in the gray and white matter of the brain. Unlike cerebral atrophy, which was felt to reflect a general loss of neurons, changes in tissue density on CT might indicate histopathological changes within the neurons, 28 the basis on which a pathological diagnosis of definite DAT is made. 29 - 30 However, although some studies have suggested that various measures of tissue density on CT scan may discriminate patients with DAT from normals, The failure of these methods to discriminate DAT from normal aging might be understood by the pathology of DAT. Although generalized cerebral atrophy and decreased tissue density are seen more frequently in the brains of deceased DAT patients, the neuropathological changes diagnostic of DAT occur more in a focal pattern than a generalized one. The temporal lobes, and more specifically those structures comprising the medial temporal lobes are the primary sites of the histopathological changes characteristic of-DAT. 6 -3542 These structures play a major role in memory impairment which is one of the first and most consistent manifestations of DAT. 43 Recent studies have achieved a diagnostic accuracy of greater than 80% when comparing patients with DAT to normal subjects using CT measurements of temporal lobe atrophy.
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distinguish patients with DAT from normal subjects more accurately than measures involving other brain regions. The results of these studies support the hypothesis that medial temporal lobe atrophy on CT scan, like medial temporal lobe atrophy in pathological studies, is a better predictor of the presence of DAT than generalized atrophy. This paper reports the results of a study to replicate these findings, to investigate simple diagnostic measurements that can be used in the early stages of DAT, and to correlate these measurements with neuropsychological scores.
METHODOLOGY

SUBJECTS
Two groups of subjects were defined.
I. Probable Dementia of the Alzheimer Type (DAT) (N = 22)
These patients had been referred to the Memory Disorder Clinic at the Ottawa General Hospital by their primary-care physicians because of memory dysfunction. They underwent the following assessments: complete medical and neurological examination, including a mental status assessment; EEG; CT scan; psychiatric examination; family, social, and medical history; and neurobehavioural examination.
The neurobehavioural examination yielded the following neuropsychological variables: Mini-mental State 49 -total score, the Dementia Rating Scale 50 -total score, subscales of attention, initiation; memory, construction, and conceptualization, and a modified version of the Boston Naming Test" -total score correct.
Diagnoses were based on the NINCDS-ADRDA 52 criteria. The same diagnosis had to be reached independently by two physicians and confirmed at a 9 -12 month follow-up before the subject was included in the study. Overall agreement between them in all subjects assessed was 85%.
Subjects were excluded if a consistent diagnosis could not be made, or if the subject clearly fell into a diagnostic category other than Alzheimer's disease (e.g., multi-infarct dementia, Parkinson's disease). In addition, patients who might have dementia of the frontal type, 53 ' 54 but who would fit within the general criteria of probable DAT were excluded.
II. Normal Control Subjects
A control group composed of 49 elderly normal subjects was recruited from individuals living independently in the community. These subjects were thoroughly screened by medical history and examination, neurological examination, and neuropsychological assessment. Exclusion criteria for this group included a history of alcohol or drug abuse, or a history of previous neurological or psychiatric illness. All scored greater than 25 on the MiniMental State Exam.
The demographic variables of these two groups are presented in Table 1 . There are no significant differences between the two groups for age and education.
Dependent Measurements
All patients referred to the clinic received a CT scan carried out on a GE CT 9800 scanner using a positive 20 degree slice angle in relation to the canthomeatal line to get better visualization of the temporal lobes and the temporal horns. 17 A series of cuts five millimetres thick spaced at five millimetre intervals was obtained, extending from the cranial floor to the first cut which did not contain any portion of the lateral ventricles. Three slices were chosen for measurements ( Figure 1 ). Slice 1 was chosen as that showing the widest cross section of the temporal horns, slice 2 showed the widest spacing of the frontal horns and slice 3 showed the greatest measurement of the lateral ventricular waist. Six CT scan measurements were operationally defined.
Temporal Horns (TH):
The sums of the diameters of the left and right temporal horns measured perpendicularly to the longest axis seen on the CT slice at the widest point.
Bifrontal (BF):
The widest point between the lateral extremes of the left and right frontal horns.
Bicaudate (BC):
The widest distance between the caudate nuclei at their midpoints.
Third Ventricle (TV):
The widest point measured horizontally. a Education was divided into four categories: 1 = to grade 8 or less; 2 = to grade 12 or 13; 3 = undergraduate university or college; 4 = graduate degree. b Duration refers to the number of years the subjective complaints or documented deficits had been noted. c Severity is expressed by the score on the MMSE. d N = Number; M = Mean; SD = Standard Deviation; RNG = Range.
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The sums of the left and right posterior sylvian fissure widths measured at their widest points.
Lateral Ventricle (LV):
The greatest span of the lateral ventricles at their midpoints. All measurements were expressed as ratios of the internal skull diameter (from inner table to inner table) measured horizontally at the same level as the measurement.
Statistical Procedure
The discriminant function analysis was designed to test if the CT measurements were independently beneficial in differentiating between the patients with probable DAT and normal subjects.
Discriminant analyses were used to build models predicting diagnostic group membership. All models or classification criteria were developed starting with all six defined CT scan indices: BF, BC, LV, TV, TH, and SF. The resulting classification criteria are a series of equations known as the linear discriminant function. The relative contribution of each CT scan index was identified using the correlation between the raw scores and the predicted value from the linear discriminant function 55 with all CT scan indices in the model. This procedure enabled identification of the model that would best differentiate the two groups. In addition to group discrimination, the number of subjects correctly and incorrectly classified according to these equations, and the probability for each subject, on the basis of the CT measurements, belonging to the group in which they were classified were determined. Further, the procedure indicated the relative value of each CT measurement in differentiating the two groups. Correlations were completed between the behavioural and CT indices. When the probable DAT patients were compared to the normal control group, using all six CT scan variables, a significant difference between the groups was found [F(6,64) = 18.8, p < .0001]. In the initial analysis, all six variables were significant in contributing to the discrimination between the two groups. The correlation between the raw scores and the predicted value from the first linear discriminant function ranged from .81 (TH) to .36 (SF). All except SF correlated at or above .70. The classification analysis assesses how well the dependent measurements, in this case the defined CT measurements, predict whether an individual has Alzheimer's disease or not, as diagnosed by the defined clinical criteria. The same high level of correct classification was achieved when only three variables were used: TH, BC and LV. The overall classification of subjects into their proper diagnostic group using all CT scan measurements was 91.5%, with three individuals from each group being misclassified. The normals were correctly classified at 94%, the patients at 86% (see Table 2 ). That is, using the CT scan measurements alone, one can predict whether a person has Alzheimer's disease or not with approximately 91% accuracy. Standardized Canonical coefficients transfer the value of each measurement onto a similar scale by scaling each coefficient over the pooled within group variances. Subsequently, the relative importance of each CT scan index with regard to differentiating the diagnostic groups can be directly compared (see Table 2 ).
In using any measurement to make a diagnosis, the confidence in the diagnosis is important. In a discriminant function analysis, this is identified by the probability of being placed in the appropriate group based on the dependent measurements. Figure 2 illustrates that, of those correctly classified, the majority of subjects are classified correctly in their appropriate group with a high degree of probability. We examined if there were any obvious patterns as this might explain the errors in the classification; e.g., if only the most severe patients (categorized on the basis of the MMSE and DRS scores) were classified correctly. Table 3 identifies the median score and range of the major demographic and psychological variables for those Alzheimer's patients correctly and incorrectly identified on the basis of the CT scan measurements. These limited data suggest that there may be no relationship with psychological measures of dementia (MMSE, DRS), scores on the Beck Depression Scale and the basic variables of education, age, or age of onset of the disease. It appears, however, that those incorrectly identified are more likely to have been diagnosed as having DAT for a much shorter period.
P r e d i c t e d P r o b a b i l i t y of M e m b e r s h i p in t h e P r o b a b l e DAT G r o u p
Figure 2 -This figure illustrates the probability of group membership for correct classification of probable DAT patients and elderly normal control subjects into their proper group based on the CT scan measurements. In general, the confidence that can he placed in the diagnosis is high, with most subjects in each group being correctly classified with a high degree of probability. The probability scale refers to each subject's overall probability as being classified as having Alzheimer's disease or not. On the right of the figure (0.5 -0.0) lie the control subjects (in black) actually classified as not having DAT. The majority of these individuals had virtually no chance of being misdiagnosed (0.0% probability). On the left side are those DAT patients correctly identified by CT scan as having DAT, the majority again being correctly classified at 90 -100% probability of correct diagnosis. Three "normal" subjects were classified as having CT scans similar to the DAT patients, the probabilities ranging at 60 -70%. For the three misclassified DAT patients, the probabilities that their CT scan measurements would not be considered comparable to the correctly classified DAT patients is 0 -30%.
Only the Mini-mental Status Test was administered to both the probable DAT patients and the control group. Correlations between this global measure and the six CT scan measures, all exceeded a probability of .001, the correlates ranging from -.70 (BC) to -.42 (SF). The second highest correlation was -.65 for LV. Within the probable DAT group, there were interesting specific correlations. The overall Mattis score correlated with TH (r = -.51, p = 0.01) and BF (r = -.45, p = 0.04). The memory score of the Mattis correlated significantly with TH (r = -.44, p = 0.04). Three different measures correlated with the attention subtest: LV (r = -.50, p = 0.02); TV (r = -.58, p = 0.005); SF (r = -.51, p = 0.01). Only TV (r = -.49, p = 0.02) correlated with the construction score. The initiation and conceptualization subscores did not correlate significantly with any of the CT scan measures. DISCUSSION CT scanning provided a highly significant discrimination of patients with the diagnosis of DAT. This was possible because the images were analyzed, based on the neuropathology, from the perspective of the temporal lobe structures. Although the lateral ventricular measurement (LV) may only reflect generalized atrophy, the temporal horn measurement (TH) reflects specific temporal lobe atrophy and the bicaudate measurement (BC) may reflect anterior temporal lobe atrophy. The overall diagnostic accuracy achieved was 91.5% when comparing normal subjects to individuals with probable DAT. Two factors are important: the groups were differentiated at a high level of diagnostic accuracy; the overall probability of correct classification into the appropriate group was high. It is unlikely that the comparison is of two groups that were premorbidly different. Patients were matched as closely as possible, and there were no significant differences in age or years of education.
A factor in the high degree of accuracy obtained may be related to the fact that the CT scan measurements were based on an application of the neuropathology of DAT and the relationship to the anatomy of the temporal lobe structures. The first step in undertaking the study was to choose a measure of temporal lobe atrophy. Because of their proximity to the structures of the medial temporal lobe, the temporal horns of the lateral ventricles would seem worthwhile to focus attention on. They have been noted to widen not just at the tips, but also posteriorly as a result of atrophic changes in the temporal lobe white matter and the hippocampus. 47 The temporal horns are not often widened as a result of normal aging, 46 -47 as opposed to other indicators of temporal lobe atrophy such as suprasellar cistern width. As the temporal horn appears to enlarge uniformly, linear measures are likely to give as good results as area or volume measurements. They also have the advantage of being simpler, less costly and hence more clinically applicable.
To properly visualize the temporal horns, proper CT scan technique is essential. In the literature, a number of different approaches have been described but two stand out as being most useful. George et al. 45 used a scan angle of -20° to the canthomeatal line to cut the temporal lobe and temporal horns longitudinally and allow excellent visualization of medial temporal lobe structures. A scan angle of +20° to the canthomeatal line as described by Albert et al. 17 allows one to look at a cross section of the temporal horn. Since this is relatively easy to measure, we used this technique.
It is quite clear that the greater part of the pathology in DAT is in the temporal lobes and more specifically in their medial structures. It is thus not surprising that CT scan measurements of these regions are useful in delineating patients with DAT from normal subjects. As diagnostic groups are determined by clinical criteria, meaningful comparisons are difficult because there is not 100% correlation between these criteria and autopsy diagnosis. Furthermore, a small portion cannot even be reliably diagnosed by autopsy. The use of control groups taken from patients referred to a memory disorder clinic, and diagnosed as normal, is also somewhat questionable, as a number of these subjects may eventually go on to develop dementia. The problem lies in the sensitivity of our testing procedures.
The apparent high degree of accuracy in this study may reflect a potential weakness of the study. The fact that highly selected groups were used, both with respect to the patients with DAT and the normal controls, may have significantly inflated the classification accuracy. Assistance with diagnosis is most crucial early in the course of the disease, when clinical findings may be equivocal. The discriminative power of the classification equation should be tested on an independent sample.
An important follow up to this study will be to track the progress of the subjects that were misclassified, and to use the discriminant function algorithm in a predictive manner. An extension of this study using a larger population may answer some of the questions posed, such as the relationship of the diagnostic groups and their severity to psychological scores and demographics and whether the results are applicable to any age group. In the present study, attempts to divide the subjects into those less than and greater than 65 years of age for analysis were unsuccessful due to small numbers (n = 9) in the former group. Autopsy confirmation of at least some of this group will be neccessary to refine our diagnostic algorithm.
Although global scores of cognitive function did correlate well with measures of atrophy on CT scan, one of the highest specific correlations was between the measures of the temporal horn and memory function. This finding is expected, as the temporal lobes subserve memory function and the bulk of the pathology in DAT is found here. Memory loss is also the earliest and most consistent manifestation of DAT. Unfortunately, the sample size was too small to draw many specific conclusions about the correlations between radiological measurements and cognitive function. The findings do suggest that a larger study may demonstrate a relationship between these variables. This study emphasizes the important role CT scanning can play in the diagnosis of DAT. It may be said that as we used clinical assessment as our validity criterion, clinical assessment is all that is needed to make the most accurate diagnosis. The clinical assessment employed in this study was stringent and required validation by two neurologists experienced in the diagnosis of dementia. This type of assessment is itself costly and is not readily available in all centres, although is currently accepted as the standard diagnostic approach excluding routine CT scanning. 56 The correlation of CT scan findings with this type of clinical assessment will allow a more accurate diagnosis to be achieved in those centres with limited experience and expertise.
The CT scanner is becoming readily available, even in smaller centres. The measurement technique employed is simple and replicable, so that physicians without benefit of expert neuroradiological expertise could make a diagnostic prediction based on the algorithm presented. This diagnosis would be reliable and reproducible. The procedure will aid in the diagnosis and minimize the possibility of missing other disorders. It is not suggested that all patients with dementia have a CT scan but that it may be helpful in early cases and those with an atypical clinical picture.
Although many feel that accurate diagnosis is not of vital importance in irreversible dementias, except as an academic exercise, we feel that this view has to change. With the advent of possible therapies for DAT, accurate diagnosis will be essential to interpret the results of therapeutic trials. Until specific biochemical markers are identified, we feel that the CT scanner can be a useful, reliable and cost-effective tool in the diagnosis of dementia, and in following its course.
